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(57) ABSTRACT

An 1mage processing device includes an 1image acquisition
unit for acquiring a normal light observation image captured
with white light and a special light observation image
captured simultaneously with the normal light observation
image using predetermined narrowband light, and an 1image
processing unit for subjecting the normal light observation
image acquired by the 1mage acquisition unit to predeter-
mined processing to generate a processed normal light
observation 1mage and providing information of the pro-
cessed normal light observation 1image to the special light
observation 1mage.
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1
IMAGE PROCESSING DEVICE

BACKGROUND OF THE INVENTION

The present invention relates to an 1mage processing
device capable of endoscopic imaging making use of the
characteristics of both of a normal light observation image
obtained with white light and a special light observation
image obtained with specific narrowband light.

In recent years, use 1s made of an endoscope system
capable of so-called special light observation 1n which a
mucosal tissue of a living body 1s irradiated with specific
narrow wavelength band light (narrowband light) as obser-
vation light to obtain tissue information at a desired depth of
the tissue of the living body.

The special light observation can simply visualize bio-
logical information which 1s not obtainable from the image
observed with normal light (white light), such as the micro-
structure 1n the superficial layer of a neovascular vessel
formed 1n a mucosal layer or a submucosal layer, or an
enhanced lesion. For example when a cancer lesion 1s to be
observed, a mucosal tissue 1s irradiated with blue (B)
narrowband light suitable to the observation of the tissue in
the superficial layer and green (G) narrowband light suitable
to the observation of the tissue in the middle and deep layers,
whereby the state of the microvessels and microstructure in
the superficial layer of the tissue can be more precisely
observed and the lesion can be therefore more correctly
diagnosed.

The endoscope system as described 1 JP 3559755 B 1s
known as an endoscope system having the functions of
normal light observation and special light observation.

The endoscope system uses a light source device which
includes a light source for emitting white light and a rotary
filter having an R filter for converting white light into red (R)
light, a G filter for converting white light into green (G) light
and a B filter for converting white light into blue (B) light,
and an endoscope which captures 1mages with an 1maging
device for measuring without separation of mcident light.
The endoscope system captures 1images 1n a so-called frame

sequential manner.

The endoscope system described 1n JP 3559755 B uses the
rotary filter of a double structure including a first set of
outside {filters and a second set of 1nside filters.

The first set of outside filters are filters for use in the
normal light observation which have such spectral charac-
teristics that the wavelength ranges of the respective colors
overlap each other. On the other hand, the second set of
inside filters are filters for use 1n the special light observation
which have such discrete narrowband spectral characteris-
tics that the wavelength ranges of the respective colors are
separated from each other.

Therelore, this endoscope system 1s capable of both of the
normal light observation and the special light observation by
shifting the rotational axis of the rotary filter so that the first
set of filters may act on the optical path when the normal
light observation 1s performed and the second set of filters
may act on the optical path when the special light observa-
tion 1s performed.

However, switching between the normal light observation
and the special light observation in this endoscope system
requires changeover of the rotary filter. Therefore, both of a
normal light observation image and a special light observa-
tion 1mage cannot be simultaneously observed in the same
biological tissue.
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Under the circumstances, various proposals have been
made to enable a normal light observation and a special light
observation to be performed simultaneously.

For example, JP 2004-321244 A describes an endoscope
system (electronic endoscope system) which mvolves alter-
nately capturing and storing normal light images and special
light images at predetermined timings, reading out images at
predetermined timings and subjecting the 1mages to mutu-
ally different processing to acquire a normal light observa-
tion 1image and a special light observation 1mage (substan-
tially) simultaneously.

In this endoscope system, the normal light observation
image and the special light observation 1image are observed
simultaneously by displaying the two 1images acquired at the
same period one by one, side by side on one screen or 1n an
overlapping manner (composition of two 1mages).

JP 2008-43604 A describes an endoscope system which
processes a color image having R, G and B 1mages captured
in limited bands with a low-pass filter or a band-pass filter
to generate 1mage signals ol a normal light observation
image and those of a special light observation image thereby
acquiring the normal light observation image and the special
light observation image simultaneously.

In this endoscope system as well, the thus acquired
normal light observation 1image and special light observation
image are observed simultaneously by displaying the two
images one by one or side by side on one screen.

SUMMARY OF THE INVENTION

The endoscope systems described i JP 2004-321244 A
and JP 2008-43604 A can simultaneously display and
observe a special light image and a normal light image 1n the
same biological tissue.

However, according to the systems described in these
documents, the special light observation image must be
compared with the normal light observation image, which
requires time and effort, and an endoscopic 1mage making
tull of the characteristics of both of the normal light obser-
vation 1image and the special light observation 1mage (e.g.,
the advantage of the special light observation 1mage that
microvessels 1n the superficial layer are easily observed and
the advantage of the normal light observation image that the
image 1s light and the structure and state of the whole image
region including the depth direction can be easily recog-
nized) 1s not obtained yet.

An object of the present invention 1s to solve the forego-
ing prior art problems and to provide an 1mage processing
device capable of acquiring a normal light observation
image and a special light observation 1mage captured with
an endoscope simultaneously or substantially simultane-
ously and displaying an image making full use of the
characteristics of the normal light observation image and the
special light observation 1mage.

In order to achieve the above object, the present invention
provides an 1image processing device comprising:

an 1mage acquisition unit for acquiring a normal light
observation 1mage captured by an endoscope using white
light as observation light and a special light observation
image captured by the endoscope simultaneously with the
normal light observation image using predetermined nar-
rowband light as the observation light; and

an 1mage processing unit for subjecting the normal light
observation 1image acquired by the image acquisition unit to
predetermined processing to generate a processed normal
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light observation 1mage and providing information of the
processed normal light observation image to the special light
observation 1image.

In the 1mage processing device of the invention, the image
processing unit preferably performs frequency processing
on the normal light observation image as the predetermined
processing.

The 1mage processing unit preferably has at least one
function selected from a function of processing the normal
light observation image with a low-pass filter and a function
of processing the normal light observation 1mage with a
band-pass filter. The 1image processing unit preferably has a
function of processing the normal light observation image
with a low-pass filter, determining an average of the pro-
cessed normal light observation 1mage and extracting pixels
in which a difference from the determined average 1s equal
to or larger than a predetermined threshold. The image
processing unit preferably has a function of processing the
normal light observation image with a low-pass filter, deter-
mimng a ratio between red, green and blue 1n each pixel of
the processed normal light observation 1image and an aver-
age of the ratio between red, green and blue and extracting
pixels 1n which a diflerence from the determined average of
the ratio 1s equal to or larger than a predetermined threshold.

The 1mage processing device of the invention acquires a
normal light observation 1mage captured with an endoscope
using white light as observation light and a special light
observation 1mage captured with the endoscope (substan-
tially) at the same time at the same position as for the normal
light observation image and using specific narrowband light
as observation light, subjects the normal light observation
image to predetermined processing, and generates an 1image
which includes information of the processed normal light
observation 1image provided to the special light observation
image by 1mage composition or other processing.

Therelfore, the 1mage processing device of the mvention
provides the information of the normal light observation
image having undergone Irequency processing with, for
example, a low-pass filter to the special light observation
image, whereby an 1image can be generated 1n which infor-
mation on the structure and state of the surface of a living
body which 1s likely to be unclear in the special light
observation or information on the deeper areca in the
observed field of view which 1s not easy to observe for lack
of light quantity 1s provided to the special light observation
image 1in which capillaries 1n the superficial layer and thick
blood vessels 1n the middle and deep layers are advanta-
geously reproduced.

Accordingly, the 1invention 1s capable of using a special
light observation image and a normal light observation
image captured simultaneously at the same position to
generate and display an image making full use of the
characteristics of the normal light observation image and the
special light observation image, the image being obtained by
providing the information of the normal light observation
image 1n which the structure and state of the whole image
region including the depth can be easily recogmized, to the
special light observation image serving as the base 1n which

capillaries 1n the superficial layer and thick blood vessels 1n
the middle and deep layers are advantageously reproduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a conceptual diagram showing an embodiment
of an endoscope system to which an 1mage processing
device of the mvention 1s applied.
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FIG. 2 1s a conceptual block diagram showing the con-
figuration of the endoscope system shown in FIG. 1.

FIGS. 3A and 3B are conceptual diagrams showing exem-
plary rotary filters used in the endoscope system shown in
FIG. 1.

FIG. 4 15 a conceptual block diagram showing a processor
of the endoscope system shown in FIG. 1.

FIG. § 1s a conceptual block diagram showing the con-
figuration of another embodiment of the endoscope system
according to the mvention.

FIG. 6 1s a conceptual block diagram showing the con-
figuration of still another embodiment of the endoscope
system according to the invention.

FIG. 7 1s a conceptual diagram showing an exemplary
spectrometric profile of observation light in the endoscope
system shown in FIG. 6.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

On the following pages, the image processing device of
the invention 1s described in detail with reference to the
preferred embodiments 1llustrated 1n the accompanying
drawings.

FIG. 1 1s a schematic perspective view showing an
exemplary endoscope system which uses the 1image process-
ing device of the mvention and FIG. 2 conceptually shows
the configuration of the endoscope system shown 1n FIG. 1.

The 1llustrated endoscope system 10 includes, for
example, an endoscope 12, a processing device 14 {for
processing an 1mage captured by the endoscope 12 and a
light source device 16 for supplying observation light (1llu-
mination light) for use 1 observation and image capture
using the endoscope 12.

The processing device 14 includes a momtor 18 for
displaying an image captured by the endoscope and an mput
device 20 for mputting various instructions (the processing
device 14 1s connected to the momtor 18 and the nput
device 20). The processing device 14 may further include a
printer (recording unit) for outputting an 1mage captured by
the endoscope as a hard copy.

In the illustrated endoscope system 10, the processing
device 14 makes up the image processing device of the
invention.

As shown 1n FIG. 2, the endoscope 12 1s an electronic
endoscope which photoelectrically captures an 1image using
an 1maging device such as a CCD sensor 48. As 1n a common
endoscope, the endoscope 12 includes an insertion section
26, an operating section 28, a universal cord 30, a connector
32 and a video connector 36.

During the observation (diagnosis), the endoscope 12 1s
used with the video connector 36 and the connector 32
connected to a connecting portion 14¢ of the processing
device 14 and a connecting portion 16a of the light source
device 16, respectively. As 1n a common endoscope, the
connector 32 1s connected to a suction means and an air
supply means for the suction from and the air supply to the
site to be observed, and a water supply means for the water
injection on the site to be observed.

As 1n a common endoscope, the isertion section 26 of the
endoscope 12 includes a long flexible portion 38 on the
proximal side, a distal scope portion (endoscope distal
portion) 42 provided with the COD sensor 48 and the like,
and a bending portion (angle portion) 40 located between the
flexible portion 38 and the scope portion 42. The operating
section 28 includes manipulation knobs 28a for bending the
bending portion 40.
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As schematically shown 1n FIG. 2, the scope portion 42 1s
provided with an 1imaging lens 46, the CCD sensor 48, an
illumination lens 50, an optical fiber 52 and a cover glass
(not shown) for protecting the lenses and the like.

Although not shown, the endoscope 12 1s also provided
with a forceps channel and a forceps port for inserting
various treatment tools such as a forceps, and air supply/
water supply channels and air supply/water supply ports for
use 1n suction, air supply and water supply.

The forceps channel extends through the bending portion
40 and the flexible portion 38 to communicate with a forceps
isertion port provided 1n the operating section 28, and the
air supply/water supply channels extend through the bending
portion 40, the flexible portion 38, the operating section 28
and the universal cord 30 to communicate with connecting
portions with the suction means, the air supply means and
the water supply means in the connector 32.

The optical fiber 52 extends through the bending portion
40, the flexible portion 38, the operating section 28 and the
universal cord 30 and terminated by the connector 32 which
1s connected to the light source device 16.

Observation light emitted from the light source device 16
to be described later enters the optical fiber 52 through the
connector 32 and propagates through the optical fiber 52. In
the scope portion 42, the light enters the 1llumination lens 50
from the distal end of the optical fiber 52 and passes through
the 1llumination lens 50 to be irradiated on an observation
site.

The observation site having received the observation light
1s imaged through the imaging lens 46 on the light-receiving
surtace of the CCD sensor 48.

In the 1llustrated endoscope system 10, the CCD sensor 48
used 1n the endoscope 12 1s a so-called monochrome COD
sensor which captures light incident on the light-receiving
surface without separating 1t 1nto bands of R (red), B (blue)
and G (green) colors. The CCD sensor 48 images the
observation site by a so-called frame sequential process
using R light, G light, B light and narrowband B light
supplied from the light source device 16 to be described later
as the observation light.

In the practice of the invention, the 1maging device 1s not
limited to the COD sensor 48 and various known imaging
devices such as a CMOS 1mage sensor may be used.

Output signals from the CCD sensor 48 are sent on signal
lines from the scope portion 42 to the video connector 36
through the bending portion 40, the flexible portion 38, the
operating section 28, the universal cord 30 and the connector
32.

In the illustrated embodiment, an AFE (Analog Front
End) board 56 1s disposed in the video connector 36.

The AFE board 56 includes, for example, a correlated
double sampling circuit, an amplifier (automatic gain control
circuit) and an A/D converter. In the AFE board 56, the
output signals from the CCD sensor 48 are subjected to noise
removal by correlated double sampling, amplification in the
amplifier and conversion of analog signals into digital
signals 1n the A/D converter, and then outputted to the
processing device 14 (more specifically to a DSP 76 to be
described later) as digital image signals.

In the endoscope system of the invention, these process-
ing steps may be performed in the connector 32 or the
processing device 14 instead of the video connector 36.

As described above, the connector 32 of the endoscope 12
in the endoscope system 10 1s connected to the connecting
portion 16a of the light source device 16.

The light source device 16 supplies the endoscope 12 with
observation light for the internal observation of a living
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body. As described above, the observation light supplied
from the light source device 16 toward the endoscope 12
enters the optical fiber 52 through the connector 32 and
propagates therethrough to be irradiated on the observation
site through the scope portion 42.

As schematically shown 1n FIG. 2, the light source device
16 of the endoscope system 10 includes a light source 60, a
collimator lens 62, a rotary filter 64, a condenser lens 68, an
optical fiber 70, a rotary drive source 72 and the connecting
portion 16a.

The light source 60 1s one for emitting light used for the
observation.

In the light source device 16 of the illustrated endoscope
system 10, various light sources capable of emitting white
light that are used in known endoscope systems may be
employed for the light source 60, as exemplified by a xenon
lamp and a natural light LED.

White light emitted from the light source 60 1s collimated
by the collimator lens 62 into parallel light, which enters the
rotary filter (filter turret) 64.

FIG. 3A 15 a conceptual diagram showing the rotary filter
64. The rotary filter 64 includes four filters such as an R filter
74y for converting white light into R light, a G filter 74¢g for
converting white light mto G light, a B filter 7456 {for
converting white light into B light and a narrowband B filter
74nb for converting white light into narrowband B light.

The R, G and B filters are known color filters that may be
used to take a color image by separating the image into
components of three primary colors of red, green and blue.

The narrowband B light 1s, for example, light with a
wavelength of 380 to 480 nm and a bandwidth in spectral
distribution of 75 nm or less. Specifically various types of
narrowband B light used 1n so-called special light observa-
tion (narrowband light observation) 1n the endoscope, more
specifically light with a wavelength of 390 to 445 nm and
particularly light with a wavelength of 400+£10 nm and a
central wavelength of 405 nm may be used.

Various filters which can convert white light into such
narrowband B light (hereinafter referred to as “narrowband
B light”) may be used for the narrowband B filter 74nb.

The rotary drnive source 72 which 1s controlled for the
drive (rotation) by the controller 145 of the processing
device 14 to be described later causes the rotary filter 64 to
rotate about a rotary shait 64a to sequentially insert the

filters 1n the optical path of light having passed through the
collimator lens 62.

In other words, white light emitted from the light source
60 1s separated by the inserted filters of the rotary filter 64
into R light, G light, B light and narrow-band B light in a
time-sharing manner.

Light having passed through the filters of the rotary filter
64 1s condensed by the condenser lens 68 and the condensed
light impinges on the incident end face of the optical fiber
70.

The light having entered the optical fiber 70 propagates
therethrough and passes through the connecting portion 16a
and the connector 32 of the endoscope 12 to enter the optical
fiber 52 of the endoscope 12. Then, the light propagates
through the optical fiber 52 and 1s 1rradiated from the scope
portion 42 on the observation site as observation light and
the CCD sensor 48 captures an image of the observation site.

As described above, the light source device 16 uses the
rotary {ilter 64 to separate white light from the light source
60 into R light, G light, B light and narrowband B light 1n
a time sharing manner and supplies them as the observation
light. Therefore, the R light, G light, B light and narrowband
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B light are sequentially and repeatedly supplied to the
endoscope 12 and are then irradiated from the scope portion
42 on the observation site.

Under the control of the controller 145, the CCD sensor
48 sequentially captures (samples) images for the light of the
respective colors in synchronization with the rotary filter 64
(at a timing suitable for the rotation of the rotary filter 64).
That 1s, the monochrome CCD sensor 48 captures an R
image, a G 1mage, a B image and a narrowband B 1mage 1n
a frame sequential manner upon the 1rradiation with the R
light, G light, B light and narrowband B light, respectively.

The processing device 14 of the endoscope system 10
obtains from the R 1mage, G image and B image a normal
light observation 1image using white light as the observation
light and from the narrowband B image and G image a
special light observation 1image using special light as the
observation light. In other words, the endoscope system 10
can obtain a normal light observation 1image and a special
light observation 1image which are taken simultaneously or
substantially simultaneously. This point will be described 1n
detail later.

In the light source device 16 used in the illustrated
endoscope system 10, the rotary filter 64 1s not limited to a
type having four filters as shown in FIG. 3A.

For example, a rotary filter having five filters as shown in
FIG. 3B may also be advantageously used which includes a

narrowband G filter 74rng for converting white light into
narrowband G light 1n addition to the R filter 747, the G filter

74¢, the B filter 745 and the narrowband B filter 74nb.

In this case, the processing device 14 obtains from the R
image, G 1mage and B image a normal light observation
image using white light as the observation light and from the
narrowband B image and narrowband G image obtained
from the narrowband G light a special light observation
image using special light as the observation light.

The narrowband G light 1s, for example, light with a
wavelength of 480 to 580 nm and a bandwidth in spectral
distribution of 75 nm or less. Specifically various types of
narrowband G light used 1n so-called special light observa-
tion and more specifically light with a wavelength of 530 to
550 nm may be used.

Various filters which can convert white light into such
narrowband G eight (hereinaiter referred to as “narrowband
G light”) may be used for the narrowband G filter 74ng.

The observation site having received the observation light
from the light source device 16 1s imaged by the CCD sensor
48.

As described above, the image captured by the COD
sensor 48 (output 51gnals from the COD sensor 48) 1s
subjected to processing such as A/D conversion in the AFE
board 56 and supplied to the processing device 14 as digital
image signals (1mage data/image information).

The processing device 14 subjects the image signals
supplied (outputted) from the endoscope 12 (the image
signals are also referred to simply as an “1mage™) to prede-
termined processing so that the monitor 18 displays them as
an 1mage captured by the endoscope 12 and also controls the
endoscope system 10. The processing device 14 includes an
image processor 14a and a controller 145 for controlling the
whole of the endoscope system 10 including the processing
device 14.

FIG. 4 1s a conceptual block diagram showing the image
processor 14a of the processing device 14.

As shown 1n FIG. 4, the image processor 14a includes the
DSP 76, a storage unit 78, a special light 1image generating
unit 80, a normal light image processing unit 82, an 1mage
composition unit 84 and a display signal generating unit 86.
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In the processing device 14, images (R 1mage, G 1image,
B 1mage and narrowband B 1mage) from the endoscope 12
are supplied to the DSP 76.

The DSP 76 1s a known type of DSP (Digital Signal
Processor), where the supplied images are subjected to
predetermined processing steps such as gamma correction
and color correction. The processed 1images are then stored
in a predetermined region of the storage unit (memory) 78.

Once the images are stored in the storage unit 78, the
special light image generating unit 80 reads out the narrow-
band B image and G image from the storage unit 78 to
generate a special light observation image. The normal light
image processing unit 82 reads out the R, G and B 1mages
from the storage unit 78 to generate a normal light obser-
vation i1mage, from which a compositing image for the
composition with the special light observation image 1is
generated.

As described above, the R, G, B and narrowband B
images are i1mages simultancously taken by rotating the
rotary filter 64 and therefore the special light observation
image and the normal light observation 1image are simulta-
neously taken 1mages.

The special light image generating unit 80 includes a
read-out section 80aq and an 1mage processing section 805.

As described above, the read-out section 80a 1s a section
in which the narrowband B 1image and the G 1image forming
the special light observation 1image are read out from the
images ol the respective colors stored 1n the storage unit 78
and supplied to the 1image processing section 805b.

When the rotary filter of the light source device 16 has
five filters including the narrowband G filter 74ng as shown
in FIG. 3B, five images including the R image, G image, B
image, narrowband B 1mage and narrowband G 1mage are
supplied from the endoscope 12.

In this case, the read-out section 80a does not read out the
G 1mage. The read-out section 80a reads out the narrowband
B 1mage and the narrowband G 1image from the storage unit
78 as the images for forming the special light observation
image and supplies them to the image processing section
80b. The following processing steps 1n the special light
image generating unit 80 are performed on the narrowband
G 1mage instead of the G 1image.

The image processing section 805 1s a section 1n which the
narrowband B 1mage and the G image are processed to
obtain the special light observation image.

On the displayed image (image outputted from the pro-
cessing device 14), three sub-pixels of R, G and B make up
one pixel. In the illustrated embodiment, however, the
special light observation 1mage i1s only obtained from the
narrowband B 1mage and the G image. Therefore, the image
processing section 80b first allocates the G 1image to R pixels
corresponding to the display and the narrowband B 1mage to
G pixels and B pixels corresponding to the display to form
an 1mage 1 which three sub-pixels of R, G and B corre-
sponding to the display make up one pixel.

The image allocation may be optionally preceded by
image processing or correction such as multiplication of an
image by a predetermined coeflicient.

The 1mage processing section 806 subjects the images
allocated to the R, G and B pixels to processing with a 3x3
matrix, gradation conversion, processing with a three-di-
mensional LUT or other color conversion processing; color
enhancement for giving a color diflerence between a blood
vessel and a mucous membrane on the screen by enhancing
in a direction in which the color difference between the
blood vessel and the mucous membrane 1s to be more
accentuated than the average colors of the image so that the
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blood vessel can be more easily seen; and image structure
enhancement such as sharpening and edge enhancement,
and supplies the processed 1image to the 1mage composition
unit 84 as the special light observation 1image.

On the other hand, the normal light image processing umt 5
82 includes a read-out section 82a, an 1mage processing
section 8256 and a compositing 1image generating section 82¢.

As described above, the read-out section 82a 1s a section
in which the R, G and B images forming the normal light
observation 1mage are read out from the images of the 10
respective colors stored in the storage unit 78 and supplies
them to the 1mage processing section 82b.

The 1mage processing section 8256 subjects the R, G and
B images to processing with a 3x3 matrix, gradation con-
version, processing with a three-dimensional LUT or other 15
color conversion processing; color enhancement for giving
a color difference between a blood vessel and a mucous
membrane on the screen by enhancing i1n a direction in
which the color difference between the blood vessel and the
mucous membrane 1s to be more accentuated than the 20
average colors of the image so that the blood vessel can be
more easily seen; and image structure enhancement such as
sharpening and edge enhancement, and supplies the pro-
cessed 1mage to the compositing image generating section
82¢ as the normal light observation image. 25

The compositing 1mage generating section 82¢ 1s a section
in which the normal light observation 1image formed in the
image processing section 825 1s subjected to predetermined
processing to generate the compositing 1mage for compos-
iting with the special light image generated in the special 30
light 1mage generating unit 80 (compositing image for
providing information of the normal light observation image
to the special light observation image) and supplies the
compositing image to the 1image composition unit 84.

In the illustrated embodiment, the compositing 1image 35
generating section 82¢ subjects the normal light observation
image generated by the image processing section 825 to, for
example, frequency processing using a low-pass filter (LPF),

a band-pass filter (BPF) or the like to generate the compos-
iting 1mage. 40
As 1s well known, according to the special light observa-

tion using narrowband B light and G light (preferably
narrowband G light), microvessels 1n the superficial layer of
the mucous membrane and thick blood vessels 1n the middle
and deep layers of the mucous membrane can be 1maged 45
(information on these blood vessels can be obtained).

On the other hand, 1n the special light observation image,
the use of narrowband light reduces the quantity of light and
the deeper area 1n the observed field of view gets darker,
whereby 1image mformation may not be obtained for lack of 50
light quantity depending on the shooting place. Since the
observation 1s made with narrowband B light and (narrow-
band) G light, 1t 1s hard to visually recognize the structure
and state of the observed biological surface (e.g., roughened
biological surface). 55

In contrast, the normal light observation image can be
captured with a large quantity of white light and therefore
the entire observed field of view including the depth direc-
tion can be imaged with a suilicient quantity of light. Since
imaging 1s made with white light, the structure and state of 60
the biological surface including the roughened biological
surface are also easily recogmized visually in the image
obtained.

Therefore, 1n the 1image obtained by processing the nor-
mal light observation image with an LPF or a BPF which 65
passes low Irequencies within a predetermined frequency
band, microvessels 1n the superficial layer and thick blood

10

vessels 1 the middle and deep layers which are advanta-
geously observable 1n the special light observation image are
removed and information on the deeper area 1n the observed
field of view and information on the structure and state of the
biological surface (e.g., roughened biological surface) are
kept intact.

Therefore, by compositing the thus processed normal
light observation 1mage serving as the compositing 1image
with the special light observation 1mage, an 1mage which
makes full use of the characteristics of the normal light
observation 1mage and the special light observation image
can be generated. The resulting 1mage 1ncludes the special
light observation 1mage having microvessels 1n the superti-
cial layer and thick blood vessels 1n the middle and deep
layers, and the information of the normal light observation
image 1 which the structure and state of the whole 1image
region mcluding the depth are reproduced.

In the practice of the mvention, processing performed 1n
the compositing 1mage generating section 82¢ to generate
the compositing image from the normal light observation
image 1s not limited to one type. More specifically, the
compositing image generating section 82¢ may have a
plurality of filters such as a plurality of types of filters (e.g.,
LPF and BPS) or a plurality of types of LPFs or the like
having different passbands so that a filter to be used 1s
appropriately selected to process the normal light observa-
tion 1mage thereby generating the compositing 1mage.

A plurality of diflerent types of processing (e.g., compo-
sition of an 1mage processed with an LPF and an image
processed with a BPF or processing with a filter selected
from a plurality of types of LPFs or BPFs having different
passbands) may be prepared as selectable steps so that a
processing step 1n the compositing 1image generating section
82¢ (compositing image to be prepared) can be appropnately
selected 1n accordance with the desired image quality (1m-
age) using an instruction/mput means provided 1n the mput
device 20 or optionally in the operating section 28 of the
endoscope 12.

Frequency processing using such filters may be combined
with various arithmetic processing steps to generate a com-
positing 1image.

An exemplary processing step involves processing a
normal light observation image with an LPF, determining
the average of the image obtained by the LPF processing and
extracting pixels in which the difference from the deter-
mined average 1s equal to or larger than an appropriately set
threshold to obtain an 1mage composed of the extracted
pixels as a compositing 1mage.

Another exemplary processing step involves processing a
normal light observation image with an LPF, determiming
the ratio between R, G and B in each pixel and the average
of the ratio for the image obtained by the LPF processing
and extracting pixels in which the difference from the
determined average of the ratio 1s equal to or larger than an
appropriately set threshold to obtain an 1image composed of
the extracted pixels as a compositing 1mage.

The compositing 1mages generated by performing such
processing steps are both images obtained 1n consideration
of the difference from the average in the image and therefore
in the compositing 1images that can be obtained, microves-
sels 1n the superficial layer and blood vessels in the middle
and deep layers are removed, the information on the deeper
area 1n the observed field of view 1s fully ensured, and a site
having a change in the structure and state of the biological
surface including irregularities can be more advantageously
detected.
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The compositing 1mage generating section 82¢ may have
a function of generating one or more than one type of
compositing 1mage by the foregoing frequency processing
(and optionally composition), a function of generating a
compositing 1mage using the average ol an 1image processed
with an LPF, and a function of generating a compositing
image using the RGB ratio 1 an image processed with an
LPF so that one of the methods for generating a compositing
image can be selected as above.

The compositing 1mage generating section 82¢ subjects
the normal light observation image to predetermined pro-
cessing such as frequency processing to generate a compos-
iting 1mage and supplies 1t to the 1image composition unit 84.

The 1mage composition unit 84 composites the compos-
iting 1mage supplied from the normal light image processing
unit 82 with the special light observation image supplied
from the special light 1image generating unit 80 to obtain a
composite 1image and supplies the display signal generating
unit 86 with the composite image for displaying on the
monitor 18.

The 1image composition method 1n the 1mage composition
unit 84 1s not particularly limited and various known image
composition methods may be used.

As 1s well known, 1 the 1mage captured in the special
light observation, microvessels in the superficial layer is
bluish and blood vessels in the middle and deep layers are
greenish. In other words, the special light observation image
has different colors from those of the actual body and may
provide a feeling of unnaturalness or strangeness.

Therefore, prior to the composition of the compositing
image with the special light observation image, microvessels
in the superficial layer and blood vessels 1n the middle and
deep layers may be optionally extracted from the special
light observation image to perform color conversion so that
the colors of the image coincide with the original colors of
the body.

Color conversion may be performed by known methods
such as color correction and density correction. Microves-
sels 1n the superficial layer and blood vessels in the middle
and deep layers may be extracted by frequency processing
using, for example, a high-pass filter (HPF) or a BPF having
a higher-frequency passband.

The special light observation 1mage may be processed in
the display signal generating unit 86 or 1n the 1mage pro-
cessing section 806 of the special light image generating unit
80. In addition, whether or not color conversion of the
special light observation 1mage 1s performed may be select-
able.

The display signal generating unit 86 subjects the com-
posite image supplied from the image composition unit 84 to
color space conversion, scaling and other necessary process-
ing steps, or image allocation, incorporation of character
information such as the name of a subject and other neces-
sary processing steps to generate a display image having the
composite 1mage incorporated therein and this image 1s
displayed on the monitor 18.

The display signal generating unit 86 may receive not
only the composite image but also 1images from the special
light image generating unit 80 and the normal light image
processing unit 82 in response to an instruction given from
the indication means provided 1n the mput device 20 or the
operating section 28 of the endoscope 12 so that the monitor
18 may display not only the composite image but also the
normal light observation image and the special light obser-
vation image.

In this case, the monitor 18 may display all the images,
two or more appropriately selected images, or one appro-
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priately selected 1mage. In addition, display modes such as
three-tmage display, two-image display, and toggle image
display are available.

An example of the operation of the endoscope system 10
1s described below.

When the input device 20 1ssues an instruction for the start
of imaging with the endoscope 12, the light source 60 of the
light source device 16 1s turned on, the rotary drive source
72 starts to rotate the rotary filter 64, and the CCD sensor 48
starts 1maging (photometry) in synchronization with the
rotation of the rotary filter 64.

Light emitted from the light source 60 1s collimated by the
collimator lens 62, separated by the rotary filter 64 1n a time
sharing manner mto R light, G light, B light and narrowband
B light (and optionally narrowband G light), and enters the
optical fiber 70 through the condenser lens 68.

The optical fiber 70 propagates the incident light which 1s
supplied through the connecting portion 16a to the connec-
tor 32 of the endoscope 12 as observation light.

The observation light supplied to the connector 32 of the
endoscope 12 propagates through the optical fiber 52 to the
scope portion 42, where the observation light 1s emitted from
the distal end of the optical fiber 52 to be irradiated through
the i1llumination lens 50 on the observation site in the living
body.

The observation site having received the observation light
1s imaged through the imaging lens 46 on the light-receiving
surface of the COD sensor 48, which captures an R 1mage,
a G 1mage, a B image and a narrowband B image 1n a frame
sequential manner (performs photometry).

Output signals from the CCD sensor 48 are supplied to the
APE board 56. The APE board 56 subjects the output signals

from the CCD sensor 48 to noise removal by correlated
double sampling, amplification and A/D conversion to
obtain digital image signals, which are then supplied to the
DSP 76 of the processing device 14 (processor 14a).

The DSP 76 subjects the supplied image (image signals)
to predetermined processing such as gamma correction and
color correction and stores the processed 1mage 1n a prede-
termined portion of the storage unit 78.

Once the 1mage signals are stored 1n the storage unit 78,
the read-out section 80a of the special light image generat-
ing unit 80 reads out the narrowband B image and the G
image from the storage unit 78 and supplies them to the
image processing section 805. The read-out section 82a of
the normal light image processing unit 82 reads out the R
image, G 1mage and B 1image {from the storage unit 78 and
supplies them to the 1image processing section 82b.

In the special light image generating unit 80, the image
processing section 80H allocates the G 1mage to R pixels to
be displayed and the narrowband B image to B and G pixels
to be displayed to form pixels each composed of three
sub-pixels, and the image 1s further subjected to color
conversion, color enhancement and 1mage structure
enhancement. The resulting 1image 1s supplied to the image
composition unit 84 as the special light observation image.

On the other hand, 1n the normal light image processing
unmt 82, the image processing section 826 performs color
conversion, color enhancement and 1mage structure
enhancement and supplies the resulting normal light obser-
vation 1image to the compositing image generating section
82c.

The compositing 1image generating section 82¢ processes
the normal light observation image supplied thereto with, for
example, an LPF to generate a compositing image.
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Once the compositing 1mage 1s generated, the composit-
ing 1mage generating section 82¢ supplies the thus generated
compositing 1image to the 1image composition unit 84.

The 1image composition unit 84 composites the special
light observation image supplied from the special light
image generating unit 80 with the compositing 1image sup-
plied from the normal light image processing unit 82 to
generate a composite 1mage in which information of the
normal light observation image (information on the deeper
area in the observed field of view and information on the
structure and state of the biological surface such as the
roughened surface) 1s provided to the special light observa-
tion 1mage, and supplies the composite image to the display
signal generating unit 86.

The display signal generating unit 86 generates a display
image in which the composite 1mage supplied thereto is
incorporated and the monitor 18 displays the display image.

In the foregoing embodiment, the image processing
device of the invention 1s applied to the endoscope system
10 which includes the light source device 16 using the rotary
filter 64 with the filters for R light, G light, B light and
narrowband B light, and the endoscope 12 using the mono-
chrome COD sensor 48. However, this 1s not the sole case
of the mvention.

That 1s, the 1mage processing device of the invention (the
illustrated processing device 14) can be applied to various
endoscope systems which use a light source device and an
endoscope capable of capturing images used for a normal
light observation image and a special light observation
image simultaneously or substantially simultaneously.

For example, 1n the endoscope system 10 shown in FIGS.
1 and 2, another configuration 1s possible 1n which the light
source device 16 has no rotary filter and the monochrome
CCD sensor 48 used as the CCD sensor of the endoscope 12
1s replaced by a four-color (five-color) COD sensor which
separates incident light mto R light, G light, B light and
narrowband B light (and optionally narrow-bang G light) for
simultaneous photometry, thereby capturing an R 1mage, a G
image, a B image and a narrowband B 1mage and obtaining
simultaneously captured normal light observation image and
special light observation 1image as 1n the above embodiment.

In the endoscope system 10 shown 1n FIGS. 1 and 2, still
another configuration 1s possible 1n which the rotary filter 64
of the light source device 16 1s replaced by a rotary filter
which has 1n 1ts rotational direction a colorless transparent
filter or a hole and a narrowband B filter converting white
light 1nto narrowband B light, and the monochrome CCD
sensor 48 of the endoscope 12 i1s replaced by a common
color CCD sensor.

The common color CCD sensor 1s a sensor which 1s used
in a common endoscope or digital camera and separates
incident light into R light, G light and B light of three
primary colors for simultaneous photometry.

According to this configuration, the light source device
rotates the rotary filter to alternately supply to the endoscope
white light having passed through the colorless transparent
filter and narrowband B light having passed through the
narrowband B filter. In synchromization with the rotation of
the rotary filter, the color COD sensor of the endoscope
alternately captures a normal light observation image includ-
ing an R 1image, a G image and a B 1mage and using white
light as observation light and a narrowband B image using
narrowband B light as observation light.

The storage unit 78 of the processing device 14 thus stores
the simultaneously captured R, G, B and narrowband B
images as in the foregoing embodiment.
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Therefore, the special light image generating unit 80 and
the normal light image processing unit 82 likewise read out
the R, G and B images, and the narrowband B 1image and G
image from i1mages stored in the storage unit 78, respec-
tively, thereby obtaining simultancously (substantially
simultaneously) captured normal light observation image
and special light observation 1mage.

In this configuration as well, the rotary filter may turther
include a narrowband G filter 1n addition to the colorless
transparent filter and the narrowband B filter so that a special
light observation image 1s generated from the narrowband B
image and the narrowband G 1mage as 1n the foregoing
embodiment.

The configuration using a light source device 90 as shown
in FIG. 5 1s another example which also uses an endoscope
having a common color CCD sensor.

In FIG. 5, like components are denoted by the same
reference numerals as 1 FIG. 2 and the following descrip-
tion mainly focuses on the different features. In an endo-
scope shown by reference numeral 12A, a CCD sensor 48A
1s not a monochrome CCD sensor but 1s the foregoing
common color CCD sensor.

The light source device 90 includes the light source 60

which i1s the same as that used in the above embodiment, a
demultiplexer 92, a B fiber 945, a G fiber 94¢g, an R fiber 94,

a B filter 9656, a G filter 96¢, an R filter 967, a multiplexer
98, an optical fiber 100 and the connecting portion 16qa
which 1s the same as that used in the above embodiment.
In the illustrated light source device 90, white light
emitted from the light source 60 1s separated by the demul-
tiplexer 92 into three components, which enter the optical
fibers including the B fiber 945, G fiber 94g and R fiber 947

and are propagated therethrough to the multiplexer 98.
The B filter 965, the G filter 96¢ and the R filter 96# are

provided between the demultiplexer 92 and the multiplexer
98 i the B fiber 945, G fiber 94g and R fiber 94r,
respectively. Entry of light 1n the filters from the optical
fibers and exit of light from the filters to the optical fibers
may be performed by any known method.

The B filter 965 1s a filter for converting white light 1nto
narrowband B light. The G filter 96¢ 1s a filter for converting
white light into narrowband G light or G light. The R filter
967 1s a filter for converting white light into R light.

Therefore, the light propagated through the B fiber 945 1s

converted by the B filter 965 1nto narrowband B light, the
light propagated through the G fiber 94¢ 1s converted by the
G filter 96g into narrowband G light, and the light propa-
gated through the R fiber 947 1s converted by the R filter 96~
into R light. The narrowband B light, the narrowband G light
and the R light then enter the multiplexer 98.
The narrowband B Ii ght the narrowband G light and the
R light are converged in the multiplexer 98, propagated
through the optical fiber 100 and supplied through the
connecting portion 16a to the endoscope 12A.

In other words, the endoscope 1s supplied with pseudo
white light which 1s a mixture of the narrowband B light, the
narrowband G light and the R light and captures images
using the pseudo white light as the observation light.

As described above, the CCD sensor of the endoscope 1s
a color CCD sensor. Therefore, an R 1mage, a G image and
a B 1mage are outputted from the endoscope and stored 1n
the storage unit 78 of the processing device 14.

The observation light used 1s pseudo white light which 1s
a mixture of the narrowband B light, the narrowband G light
and the R light, and the CCD sensor 48A 1s a color CCD

sensor. Therefore, the B image, G image and R image
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captured by the CCD sensor 48A can be used to generate a
normal light observation image which uses white light as the
observation light.

The B light and G light used for the observation are both
narrowband. Therefore, the B image and G 1image captured
by the CCD sensor 48A can be used to generate a special
light observation 1mage which uses the narrowband B light
and narrowband G light as the observation light.

Theretfore, the special light image generating unit 80 and
the normal light image processing unit 82 read out the G and
B 1mages and the R, G and B 1mages from images stored 1n
the storage umt 78, respectively, whereby simultaneously
captured normal light observation image and special light
observation 1mage can be obtained.

In the light source device 90 shown in FIG. 5, 1t 1s
preferred to provide between the filters and the multiplexer
98 light quantity adjusting means which are each indepen-
dently capable of adjusting the quantity of light and to
supply each light to the multiplexer 98 so that a relation of
B light>G light>R light 1s met for the quantity (intensity) of
light.
In a common color CCD sensor, pixels of B, G and R
colors have sensitivity until the neighboring color area
owing to the filtering characteristics of the B, G and R
colors. In other words, G pixels allow for the incidence and
photometry of the narrowband G light and R-band light, and
B pixels allow for the incidence and photometry of the
narrowband B light and narrowband G light.

In contrast, by adjusting the quantity of light so that the
relation of B light>G light>R light 1s met, the narrowband B
light may predominantly enter the B pixels of the CCD
sensor and the narrowband G light may likewise predomi-
nantly enter the G pixels. A proper normal light observation
image and a proper special light observation 1image can be
thus generated from the 1mages read by the CCD sensor.

In cases where the quantity of light used for the obser-
vation meets the relation of B light>G light>R light, the
images are preferably first subjected to gain adjustment 1n
the normal light 1image processing unit 82 to obtain the same
images as those captured with white observation light 1n
which the B light, G light and R light are equal in quantity.

Amplification of the G image and the R image and
reduction of the B image and the G 1image may be performed
by gain adjustment using, for example, multiplication by a
correction coeflicient or processing with an LUT so as to
obtain the same 1mages as those captured with white obser-
vation light in which the B light, G light and R light are
equal 1n quantity.

The configuration using a light source device 110 and an
endoscope 112 as shown 1n FIG. 6 1s still another example
which also uses an endoscope having a common color CCD
SEeNnsor.

In FIG. 6, like components are denoted by the same
reference numerals as 1n FIG. 5 and the following descrip-

tion mainly focuses on the different features.
The light source device 110 includes a 445L.D 114, a

405LD 116, optical fibers 118a, 1185 and 118c, and a
multiplexer 120.

The 445L.D 114 1s a light source emitting B laser beams
with a central wavelength of 445 nm having the spectro-
metric profile shown 1 FIG. 7. On the other hand, the
403LD 116 1s a light source emitting narrowband blue-violet
(V) laser beams with a central wavelength of 405 nm having
the spectrometric profile shown i FIG. 7.

The B light emitted from the 445L.D 114 1s propagated
through the optical fiber 118a and the V light emitted from
the 405LD 116 1s propagated through the optical fiber 1185
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and the B light and V light are multiplexed into a single
beam by the multiplexer 120.

The B light and V light are multiplexed into the single
beam, which 1s propagated through the optical fiber 118c, 1s
supplied through the connecting portion 16a to the connec-
tor 32 of the endoscope 112, and enters and 1s propagated
through the optical fiber 52 to exit from the distal end of the
optical fiber 52.

In the endoscope 112, a fluorescent substance 124 1s
disposed at the distal end of the optical fiber 52. The
fluorescent substance 124 includes a plurality of kinds of
phosphors (e.g., YAG phosphor and BAN (BaMgAl, ,0,-)
phosphor) which absorb part of B light, excite and emait
green to yellow light. The green to yellow light emitted by
excitation of the fluorescent substance having absorbed B
light as excitation light 1s combined with B light which was
not absorbed in the fluorescent substance 124 but passed
therethrough to form pseudo white light.

Most of the V light (V laser beams) emitted from the
405L.D 116 passes through the fluorescent substance 124
without being absorbed therein.

FIG. 7 shows emission spectral characteristics of the V
light emitted from the 405L.D 116, the B light emitted from
the 445L.D 114 and the light emitted from the fluorescent
substance 124 excited by the B light.

As shown 1n FIG. 7, the V light emitted from the 405LD
116 1s narrowband V light represented by an emission line
with a central wavelength of 405 nm (profile A).

The B light emitted from the 445L.D 114 1s represented by
an emission line with a central wavelength of 445 nm. In
addition, the light emitted from the fluorescent substance
124 excited by the B light has a spectral intensity distribu-
tion which shows an increase 1 emission intensity 1n a
wavelength range of about 450 nm to about 700 nm.

Therefore, when only the 4451L.D 114 1s turned on in the
light source device 110, the light emitted by the excitation of
the fluorescent substance 124 1s combined with the B light
from the 445LD 114 which was not absorbed 1n the fluo-
rescent substance 124 to form pseudo whate light (profile B),
which enables normal light observation using white light as
the observation light.

When both of the 445LD 114 and the 405L.D 116 are
turned on, narrowband V light shown by profile A 1s added
to the observation light, thus enabling imaging with special
light.

More specifically, the 405LD 116 in the light source
device 110 1s turned on and ofl 1n a predetermined period (or
high power lighting and low power lighting are alternately
repeated) under the control of the controller 1456 so that
images are captured by the CCD sensor 48A of the endo-
scope 112 1n synchronization with the on/ofl status of the
405LD 116.

Accordingly, the special light image generating unit 80
reads out the G and B i1mages from images stored in the
storage unit 78 when the 405L.D 116 1s turned on (at the time
of high power lighting) and the normal light 1mage process-
ing unit 82 reads out the R image, the B image and the G
image from the images stored 1n the storage unit 78 when the
405L.D 116 1s turned off (at the time of low power lighting),
thus enabling simultaneously (substantially simultaneously)
captured normal light observation 1mage and special light
observation 1mage to be obtained.

In this embodiment, the 405L.D 116 1s not turned on and
ofl but 1s always turned on to generate a composite image so
that stmultaneously captured normal light observation image
and special light observation image may be obtained as
above.
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While the 1mage processing device of the imnvention has
been described above 1n detail, the invention 1s by no means
limited to the above embodiments, and various improve-
ments and modifications may of course be made without

departing from the spirit of the invention.
What 1s claimed 1s:

1. An 1mage processing device comprising:

an 1mage acquisition unit for acquiring a normal light
observation 1mage captured by an endoscope using
white light as observation light and a special light

observation 1mage captured by the endoscope simulta-
neously with the normal light observation 1image using

predetermined narrowband light as the observation
light; and
an 1mage processing unit for subjecting the normal light
observation 1image acquired by the image acquisition
umt to predetermined processing to generate a pro-
cessed normal light observation image and compositing
information of the processed normal light observation
image with the special light observation 1image,
wherein the 1mage processing unit has a function of:
processing the normal light observation image with a
low-pass filter to generate the processed normal light
observation 1mage;
determining a ratio between red, green and blue 1n each
pixel of the processed normal light observation

image and an average of the ratio between red, green
and blue;
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extracting pixels in which a diflerence from the deter-
mined average of the ratio 1s equal to or larger than
a predetermined threshold; and

compositing an image composed of the extracted pixels
with the special light observation 1image.

2. The 1image processing device according to claim 1,
wherein the 1mage processing unit generates the processed
normal light observation image 1n which microvessels 1n a
superficial layer and thick blood vessels 1n middle and deep
layers are removed and information on a deeper area in an
observed field of view and information on a structure and a
state of a biological surface are kept intact.

3. The image processing device according to claim 1,
wherein the 1image processing unit comprises a plurality of
filters having ditflerent passbands, and the processing of the
normal light observation image comprises using the plurality
of filters.

4. The 1image processing device according to claim 3,
wherein the processing of the normal light observation
image comprises a plurality of different types of processing

with the plurality of filters, the plurality of diflerent types of
processing being selectable 1 accordance with a desired
image quality.

5. An endoscope system comprising:

the 1mage processing device according to claim 1.
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